Purpose To compare the effectiveness and safety of 25-and 23-gauge sutureless microincision vitrectomy surgery (MIVS) in the management of various vitreoretinal diseases. Methods Eighty-five consecutive patients undergoing sutureless vitrectomy during January to April 2008 were randomized to either 25-or 23-gauge MIVS. Data collected prospectively included best-corrected visual acuity (BCVA), operation time, postoperative visual recovery, postoperative anterior segment change, and complications. Results The most common indications for MIVS were macular hole, macular pucker, vitreous haemorrhage, and diabetic traction retinal detachment. Mean operation times of the 25-gauge (n ¼ 38) and 23-gauge groups (n ¼ 47) were 33.68 and 34.47 min, respectively (P ¼ 0.942). Mean BCVA improved significantly in both the 25-and 23-gauge groups when measured 3-month postoperatively. There was no between-group difference in either the degree or the rate of postoperative visual recovery. Seven patients in the 23-gauge group, compared with three in the 25-gauge group, required suturing of sclerotomy at the end of the surgery. No patients in either group developed postoperative wound leakage or endophthalmitis. Conclusion Our prospective study suggests that, within the limited indications, both 25-and 23-gauge MIVS are equally effective, with similar safety profiles. Gauge selection thus may be made according to a surgeon's preference and the availability of appropriate instruments.
Introduction
Modern vitrectomy had been performed using 20-gauge instruments for 430 years before 2002 when Fujii and co-workers introduced the first commercially available sutureless transconjunctival vitrectomy technique using a 25-gauge instrument. [1] [2] [3] The incision is small and a suture is not required, so sutureless 25-gauge microincision vitrectomy surgery (MIVS) has enabled minimization of surgical trauma and suture-related inflammation. MIVS shortens operative time and facilitates postoperative recovery. [4] [5] [6] [7] [8] [9] [10] [11] [12] This 25-gauge sutureless system, however, was useful only in cases of relatively simple vitreoretinal pathology owing to limitations in cutter performance and a lack of necessary accessory instruments. In 2005, Eckardt developed 23-gauge sutureless vitrectomy using an obliquely entering trocar cannular system. 13 Although the 23-gauge system seemed to offer improvements in cutter efficiency and rigidity, it was thought that the larger sclerotomy size was likely to increase the risk of wound-related problems.
In the past few years, advances in microincision vitrectomy techniques, in both the 25-and 23-gauge systems, have been remarkable in terms of cutter efficiency, illumination technology, and the development of various microsurgical accessories. Although a few studies have compared these minimally invasive MIVS approaches with conventional 20-gauge vitrectomy, 6, 7, [14] [15] [16] [17] no comparison between 25-and 23-gauge MIVS has yet been reported.
In this prospective study, we compared the surgical outcomes and complications of the two MIVS techniques used in the management of various vitreoretinal diseases.
Patients and methods
A prospective, comparative, and randomized clinical trial was performed in 85 consecutive patients undergoing transconjunctival MIVS at a single academic centre between January and April 2008. This study was approved by the Institutional Review Board of the Asan Medical Center. Patients were given full information on the study, told of the benefits and risks, and gave written consent before surgery.
Included were patients with preoperative diagnoses of vitreous haemorrhage (either diabetic or non-diabetic), diabetic traction retinal detachment classed as moderate or below, cystoid macular oedema, macular pucker, full-thickness macular hole, vitreous opacities, rhegmatogenous retinal detachment, and other less-complicated vitreoretinal pathologies.
Patients were randomly allocated to either 25-or 23-gauge MIVS using a table of random numbers. Thirtyeight patients were treated with the 25-gauge technique and 47 with the 23-gauge technique. All procedures were conducted by one surgeon (YHY) using the Accurus vitrectomy system (Alcon, Fort Worth, TX, USA) under a retrobulbar block and using a 50 : 50 (v/v) mixture of 2% (w/v) lidocaine and 4% (w/v) bupivacaine. Cutter speed and aspiration pressure for 25 and 23 gauges were 1500 cpm with 550 mm Hg and 2500 cpm with 350 mm Hg, respectively.
Surgical procedures were basically similar in both groups, except for the scleral-entry procedure. In 25-gauge MIVS, after displacing the conjunctiva above the intended sclerotomy site, a disposable one-step 25-gauge trocar with a microcannula was inserted perpendicularly into the midvitreous. In 23-gauge MIVS, after displacing the conjunctiva, a 15-301 angled tunnel insertion was made using a disposable one-step 23-gauge trocar and a microcannula. For those eyes that underwent combined cataract surgery, phacoemulsification and intraocular lens implantation were performed with the inferotemporal trocar in place. Complete removal of the vitreous gel was performed, after inducing posterior vitreous detachment when necessary. For tractional retinal detachment cases, a vitreous cutter was used to shave the residual membrane stump after delamination or segmentation with microscissors. When a macular hole was present, and in cases of macular pucker and diabetic macular oedema, indocyanine green dye was used to enhance visualization of the internal limiting membrane. In cases of macular hole, myopic foveoschisis, and retinal detachment, a 6-10% (v/v) C3F8 gas tamponade was performed. In eyes with macula off-tractional detachment, severe macular oedema, or preoperative wrinkling, a small bubble of air was injected to fill 20-30% of the total vitreous cavity to facilitate postopereative resolution of macula oedema or wrinkling. 18 Surgery was completed by removal of the entry site alignment cannulas without suturing the conjunctiva and sclera. If any site showed persistent leakage, the conjunctiva was opened and 7-0 vicryl sutures were placed in the wound and the overlying conjunctiva.
Preoperative data included patient age, gender, best-corrected visual acuity (BCVA), intraocular pressure (IOP), biomicroscopic findings, and detailed fundoscopic information. When needed, b-scan echography, fluorescein angiography, and optical coherence tomography were also performed. During operation, the operation time and amount of balanced salts solution (BSS) consumed were measured. Postoperative BCVA and IOP were measured at 1 day, 1 week, and 1 and 3 months after surgery. As a substitute for a patient survey on the postoperative discomfort, the degrees of postoperative conjunctival and corneal change were qualitatively graded using an earlier reported standardized scale 19, 20 with some modifications. Briefly, each category of conjunctival injection, conjunctival oedema, subconjunctival haemorrhage, and corneal oedema were scored by slit-lamp examination as 0 (absent), 0.5 (trace), 1 (mild), 2 (moderate), and 3 (severe). Intraoperative and postoperative complications such as sclerotomy site wound leakage, hypotony as shown by IOP o8 mm Hg, retinal tear, retinal detachment, or endophthalmitis were all recorded.
Statistical analysis
Snellen visual acuity data were converted into logarithms of the minimum angle of resolution for statistical analysis. Independent t-test was used to compare operation times and amounts of BSS consumed. The relationship between preoperative and postoperative visual acuity was statistically analysed using the independent t-test. A P-value o0.05 was defined as statistically significant.
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Results
As shown in Table 1 , there were no statistically significant differences in patient characteristics or preoperative diagnoses between the 25-and 23-gauge groups.
The mean duration of vitrectomy (in combined surgical cases, cataract surgical time was excluded) was 33.7 min (range 15-64 min) in the 25-gauge group and 34.5 min (range 25-63 min) in the 23-gauge group (P ¼ 0.942). In the 25-gauge MIVS group, the average amount of BSS consumed was 55.3 ml (range 30-150 ml) and in the 23-gauge group, it was 72.3 ml (range 15-220 ml) (P ¼ 0.002). Figure 1 shows a comparison of preoperative visual acuity and postoperative visual acuity recovery between all patients of the 25-and 23-gauge MIVS groups. Although each group showed a significant improvement in postoperative visual recovery at 1 and 3 months, there was no statistically significant difference between the two groups at any follow-up time. Interestingly, the patterns of visual recovery were similar in all groups when we categorized total eyes into four subgroups according to preoperative diagnosis ( Figure 2 ). Therefore, we conclude that the size difference between 25-and 23-gauge cutters did not affect the speed of postoperative visual recovery.
The postoperative anterior segment scores are shown in Table 2 . Whereas most parameters suggested that the 25-gauge MIVS eyes had undergone less trauma, only conjunctival oedema was significantly less at 1 week in the 25-gauge MIVS group compared with the 23-gauge group.
As shown in Table 3 , intraoperatively, suturing of sclerotomy sites was required for three eyes in the 25-gauge group and seven in the 23-gauge group. Retinal tears were created during surgery in one patient of each group, but were treated without difficulty. Two 25-gauge patients (air bubble filled) and three 23-gauge patients (1 fluid filled, 1 air bubble filled, and 1 silicone oil filled) showed IOP of o8 mm Hg at postoperative 1 day. However, all five patients recovered normal IOP without additional suturing or other procedures at 1 week postoperatively. No patient in either group developed wound leakage, retinal detachment, choroidal detachment, or endophthalmitis.
Discussion
Sutureless MIVS has increased in popularity owing to short operation time, less patient discomfort, and faster visual recovery. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Furthermore, a few recent reports continue to prove the superiority of MIVS in direct comparison with conventional 20-gauge vitrectomy. 6, 7, [14] [15] [16] [17] Although the makers of each of two commercially available small gauges, 25 and 23 gauges, claim to offer the safest and best product, no studies have yet compared the 25-and 23-guage systems.
In this prospective study, we have shown that 25-and 23-gauge MIVS resulted in similar outcomes in terms of In both groups, visual acuity improved 1 and 3 months after surgery (P ¼ 0.001 and P ¼ 0.017, respectively, paired t-test). There was no statistically significant difference between the two groups at any point of follow-up.
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Eye efficacy and safety when used to treat various vitreoretinal diseases. First, the operation time was similar despite variations in cutter size and efficiency. We suspect this was partly because most of our patients had relatively uncomplicated vitreoretinal pathology and partly owing to the improved efficiency of the new 25-gauge cutter. Second, the rate of postoperative visual recovery did not differ significantly between the two groups. Although less postoperative inflammation, and consequent faster recovery, was expected in the 25-gauge group with smaller incisions and less BSS consumed, this was not the case. The results from each group were very similar, not only when all cases were compared, but also when each of four diagnostic subgroups was analysed. This is the main difference from earlier studies, which showed significantly faster visual recovery in either 25-or 23-gauge MIVS patients, compared with those receiving 20-gauge vitrectomy. Third, although the size of sclerotomy wounds was larger in the 23-gauge group than in 25-gauge patients, only a slight difference was seen in the postoperative status of both cornea and conjunctiva. Finally, no significant between-group differences in intraoperative or postoperative complications were identified. Minor differences . In all subgroups, visual acuity improved 1 and 3 months after surgery. There was no statistically significant difference between the two groups at any point of follow-up. As the above trend shows, most surgeons today, including those who are just beginning vitrectomy, have a strong interest in adapting small-gauge MIVS surgery as their primary standard procedure. It is thus important to identify and recommend the best MIVS system to a surgeon just starting to use MIVS. Theoretically, the 25-gauge system should be superior to the 23-gauge technique, as a smaller wound is created, leading to less risk of wound leakage and faster wound healing. However, the 23-gauge system has a better cutting efficiency, possibly resulting in a shorter operation time, but still offers the wound self-sealing feature.
Our data, however, show that neither technique was superior to the other in terms of surgical efficiency or anatomical/functional outcomes. Therefore, we can only suggest that any new vitreoretinal surgeon may choose MIVS of either gauge on the basis of his/her personal preference or the availability of allied instrumentation.
Our study has several limitations. First, the inclusion criteria for MIVS were limited to rather simple indications for vitrectomy. It may be speculated that the 23-gauge system would have been shown to be better than the 25-gauge technique if more advanced cases, such as those with diabetic traction retinal detachment of moderate degree or worse, cases of early proliferative vitreoretinopathy, or patients requiring silicone oil tamponade, were included. Second, a surgeon with a practice history different from that of the surgeon in this study might obtain a different outcome in a similar study; the surgeon in this study had more experience with the 25-gauge system than with the 23-gauge technique.
In conclusion, our prospective, randomized, comparative study showed that when inclusion criteria were limited to macular surgery and rather simpler vitreoretinal cases, the surgical outcomes and safety profiles were similar in the 25-and 23-gauge MIVS groups. Therefore, selection of small-gauge size may be made on the basis of a surgeon's personal experience or hospital circumstances.
